Abstract
Introduction

18
The relationship between ion concentrations and river discharge is an age-old topic in hydrology (see 19 among others Bazerbachi and Probst, 1986; Durum, 1953; Foster, 1978; Gibbs, 1970; Gregory and 20 Walling, 1973; Hem, 1948; Hendrickson and Krieger, 1960; Johnson et al., 1969; Meybeck, 1976) . 
4.
Choosing an appropriate transformation for different ion species
81
To our knowledge, there is no physical or mathematical reason why all ionic species should have a C-82 Q relationship of the same shape. In Figure 4 , we show the behavior of 3 ions and EC (Electrical 83 conductivity) from the same catchment and the same dataset (all four from the Oracle-Orgeval 84 observatory). The optimal shape could be chosen numerically (see Table 1 ), but we first followed the 85 n → ∞ (log-log)
100
Although we indicated above that the value of n could be chosen visually, we have also calculated 101 the coefficient of determination (R 2 see Table 1 ) to confirm our choice numerically. For each ion and 102 EC, the n considered optimal has the highest R 2 value. 103
5.
Multi-objective identification of the parameters of the C-Q relationship ], and they correspond to the 109 lowest concentrations (see Figure 2) . 110
To avoid the difficulties linked with the overrepresentation of low-discharge / high-concentration 111 data points, we tested successfully a multi-objective criterion for identifying the optimal couple (a,b). 112
We used an optimizing simultaneously on the quality of reproduction of the concentrations and the 113 load (i.e. the discharge-weighted concentrations); otherwise, the large discharge-low concentration 114 data points do not have enough weight to influence the selection of the parameter set. 115
The numerical criterion used for the concentration and the load is a bounded version of the Nash and 116
Sutcliffe criterion (Mathevet et al., 2006) . The Nash and Sutcliffe (1970) criterion (see Eq. (4) and Eq. 117 (6), in Table 2 ) is well-known and widely used in the field of hydrology. The rescaling proposed byin Table 2 ). The advantage of this rescaled version is to avoid the occurrence of large negative values 120 (the original NSE criterion varies in the range ]-∞, 1]). 121
Last, we also used a combined criterion for both concentration and load, by averaging NSEB conc and 122 NSEB load (see Eq. (8) in Table 2 ). 123 124 Table 2 . Numerical criteria used for optimization (C obs -observed concentration, C cal -computed 125 concentration, Q -observed discharge) 126 
Results
147
The optimal values of a and b corresponding to the one shown on the Pareto plot (see Figure 5 ) and 148 the n value identified on Figure 4 are presented in Table 3 , and Figure 6 illustrates the quality of the 149 fit over the entire calibration dataset (17500 points). Overall, the two- 
Conclusion
162
In this technical note, we discussed the log-log transformation, widely used by hydrologists to 163 represent concentration-discharge relationships, and showed that it is sometimes inadequate. The 164 two-sided power transformation we proposed is a valid and progressive alternative. We also showed 165 how the identification of the parameters of this relation can benefit of a multicriterion identification 166 procedure, combining efficiency in concentration and load representation. 8.
